Introduction {#s1}
============

Orthodontically induced external apical root resorption (EARR) is an unwanted side effect of orthodontic treatment ([@CIT0001]). In the available literature, a distinction is made between histologically and radiologically determined EARR. Over 90 per cent of all orthodontically moved teeth are associated with histologically noticeable EARR ([@CIT0002]). Lower percentages have been reported for radiologically detected EARR. Between 48 and 66 per cent of orthodontically treated teeth show mild to moderate EARR (less than 2.5 mm), and only 1--5 per cent of all moved teeth end up with severe apical root resorption, defined as a loss of 4 mm of the original root length or more than one-third of the root ([@CIT0002]).

Despite the prevalence and severity of EARR, little is known about the pathology and aetiology. Previously, it was assumed that EARR was caused by complex multifactorial interactions between patient-related factors and treatment-related factors ([@CIT0002]). Additionally, there is much uncertainty about how to prevent EARR and how to manage it when it occurs during orthodontic treatments ([@CIT0005]). To identify an EARR, a radiologic examination is necessary. However, there is no consensus about the type or timing of radiographs needed for identifying initial EARR during orthodontic treatments. Furthermore, little is known about the long-term stability and prognosis of affected teeth, including their mobility, vitality, and periodontal status, their suitability for prosthetic abutments, or their resistance to masticatory function ([@CIT0005]). It was calculated that 3 mm of EARR was equivalent to a loss of 1 mm of periodontal attachment ([@CIT0006]). When periodontal attachment is lost due to root resorption, it is important to avoid additional alveolar bone destruction that can occur with periodontal disease ([@CIT0009]).

There is much uncertainty among orthodontists on how to reduce the risk of EARR as much as possible, how to manage EARR when it occurs during an orthodontic treatment, and what type of after-treatment care is required ([@CIT0005]). This uncertainty has given rise to a demand for a clinical practice guideline (CPG). Generally, a CPG is developed for specific topics in health care that are dominated by uncertainty. However, the quality of existing guidelines in orthodontics differs a lot ([@CIT0010]). Thereby, an important factor, which determines the quality of a CPG, is the guideline development process and the reporting of this process. It is shown that guidelines that complied with the quality items of the AGREE II instrument scored highly and can be recommended for use ([@CIT0010]).

At the end, the CPG aids the clinician in making treatment decisions or in reacting appropriately to (unexpected) problems. A CPG provides evidence-based recommendations ([@CIT0011]). Therefore, the aim of this study was to develop a CPG with clinical recommendations for orthodontically induced EARR diagnosis, risk factors, management, and after-treatment care requirements. This CPG was developed for orthodontists, and the target population includes all patients at the start, during, or after a comprehensive orthodontic treatment with full fixed appliances.

Materials and methods {#s2}
=====================

Initiative and Task Force {#s3}
-------------------------

The Dutch Association of Orthodontists (NVvO, Nederlandse Vereniging van Orthodontisten) initiated the development of a CPG regarding EARR. In 2015, the NVvO established a Task Force, which included four orthodontists (members of the NVvO) and one resident in orthodontics, as representatives of the professional group. The Task Force received methodological and academic support from the Knowledge Institute of the Dutch Association of Medical Specialists and the Radboud University Medical Center, Nijmegen, Department of Dentistry, section of Orthodontics and Craniofacial Biology (The Netherlands). The Patients' Federation (patients association) was invited to participate in the Task Force, but the Federation declined participation in the design of the guideline; instead, they opted to participate only in commenting on the drafted guideline.

This report follows the Reporting Items for practice Guidelines in Healthcare (RIGHT) statement, which comprise reporting guidelines for CPGs ([@CIT0012]). The CPG was developed and written from October 2015 to July 2018.

Guideline development {#s4}
---------------------

The CPG was developed in accordance with the Appraisal of Guidelines for Research and Evaluation II (AGREE II) instrument and *Evidence-Based Richtlijnontwikkeling* (EBRO), the Dutch Method for Evidence-Based Guideline Development ([@CIT0011], [@CIT0013]). The development process for this CPG included a preparation phase, a development phase, a commentary phase, and an authorization phase.

During the preparation phase, in the beginning of 2015, a survey was sent out by the NVvO to all orthodontists in the Netherlands to determine the need for a CPG for EARR, especially for clinically relevant EARR, defined as a loss of 2 mm or more root length. Based on this survey, the most relevant issues were translated by the Task Force into four clinical questions (CQ \#1--CQ \#4).

Literature search {#s5}
-----------------

In the development phase, we conducted a broad systematic literature search ([Supplementary Table 1](#sup1){ref-type="supplementary-material"}) based on the clinical questions. We searched MEDLINE and Embase with the help of a senior librarian who was specialized in health sciences. Languages were restricted to Dutch and English. The databases were searched up to 15 September 2015. Two members of the Task Force (CS, AMK-J) independently reviewed the literature according to predefined inclusion and exclusion criteria ([Table 1](#T1){ref-type="table"}).

###### 

Inclusion and exclusion criteria for the literature review. SR: systematic review; RCT: randomized control study; CQ \#2: clinical question 2; OPT: orthopantomography; PA: periapical radiography; CBCT: cone beam computed tomography

  Inclusion criteria
  ---------------------------------------------------------------------------
   SR, RCT, cohort study, case-control study
   Root resorption (decrease in root length) yes/no on a PA, OPT, or CBCT
   Consecutively selected patients
   Patients were treated with buccal fixed appliances for at least 6 months
  Exclusion criteria
   Cleft lip and palate and other craniofacial disorders
   Trauma-related orthodontic movements
   Cervical root resorption
   Internal root resorption
   Ectopic eruption of teeth
   Root damage due to placement of a miniscrew or other surgical procedure
   Autotransplantation
   Medication that influences bone metabolism
   Biological markers
   Genetic studies
   *In vitro* research
   No multivariate analysis (only relevant for CQ \#2 eligibility)

Initial screening for eligibility was based on the title and abstract. Then, separate screenings were conducted for all clinical questions.

The selected titles were screened again based on the full text. Differences between observers were discussed and resolved by consensus. To collect evidence for CQ \#2, we additionally examined all individual studies included in the selected systematic reviews ([@CIT0001]). The articles that met the inclusion criteria were then used to address the clinical questions.

Data extraction and quality assessment {#s6}
--------------------------------------

One examiner (CS) extracted the study characteristics (including the type of study, country, setting), patient characteristics (including the number of participants, mean age, gender distribution), type of intervention, follow-up period, and outcome measures. The second examiner (AMK-J) checked the extracted data.

Data for the risk of bias assessment were organized into tables. Tables of all included randomized controlled trials (RCTs) were constructed with the Cochrane risk of bias tool; tables for non-randomized observational studies were constructed with A Cochrane Risk of Bias Assessment Tool: for Non-Randomized Studies of Interventions (ACROBAT-NRSI) ([@CIT0014], [@CIT0015]).

Assessment of the quality of evidence {#s7}
-------------------------------------

The assessment of the quality of evidence was undertaken by one examiner (CS) and was checked by the second (AMK-J) and third (SP) examiners. We assessed the quality of evidence according to the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach ([@CIT0016]). The quality assessment included the following aspects: limitations in study design, inconsistencies, indirectness, imprecision, and publication bias. The quality of evidence reflects the degree of confidence in an estimation rather than an evaluation of individual studies ([@CIT0016]). The final quality of evidence level (high, moderate, low, very low) was estimated for each clinical question item.

Recommendations {#s8}
---------------

In Task Force meetings, the evidence was discussed and consensus considerations were drawn to guide the development of recommendations. Thus, the recommendations were based on the available evidence combined with the most important considerations. The considerations deemed most important included patient values, costs, facilities availability, and organizational matters. Decisions were made by consensus.

The strength of each recommendation is presented with special expressions according to the GRADE methodology ([@CIT0016]). A recommendation starts with a verb. If the recommendation is weak, the recommendation starts with 'consider'. The strength (strong, weak) of the recommendation depends on, for instance, the quality of evidence, the consensus considerations, and the importance of the Task Force assigned to the different aspects and/or arguments regarding the recommendation. According to the GRADE methodology, it was possible to make a strong recommendation with a low level of evidence and *vice versa*. Based on the recommendations, an implementation plan will be written.

Commentary and authorization phases {#s9}
-----------------------------------

The drafted guideline was sent for commentary to all members of the NVvO, all relevant national dental and health insurer associations, the Health and Youth Care Inspectorate (IGJ), and the Patients' Federation Netherlands. Each group provided comments on the draft of the guideline within 6 weeks. After reviewing and processing the comments, the final CPG will be approved by the NVvO, and it will be published on their website ([www.orthodontist.nl](www.orthodontist.nl)).

Results {#s10}
=======

Literature search {#s11}
-----------------

Based on the results of the questionnaire, four clinical questions were formulated ([Table 2](#T2){ref-type="table"}). The developed search strategy retrieved 687 citations in MEDLINE and 301 in Embase ([Supplementary Table 1](#sup1){ref-type="supplementary-material"}). After removing the duplicates, 794 studies remained. After screening the titles and abstracts, 648 studies were excluded because they did not meet the inclusion criteria. After a full text screen for eligible studies, we excluded studies because the sample was not consecutively selected (criterion for CQ \#1−CQ \#4), and because the description of the methodology was unclear or they lacked a multivariate analysis of the data (criteria for CQ \#2). A manual search of the reference lists in the included systematic reviews did not reveal additional studies. A total of eight studies were included in the qualitative synthesis ([Figure 1](#F1){ref-type="fig"}).

###### 

Clinical questions identified in a survey of Dutch orthodontists; these questions should be addressed in the clinical practice guideline. EARR: external apical root resorption

  ----------------------------------------------------------------------------------------------
  1. What types of radiographs enable the diagnosis/detection of orthodontically induced EARR?
  2. What factors increase the risk of developing EARR during orthodontic treatment?
  3. What treatment protocol should be followed when EARR has been detected during treatment?
  4\. What is the follow-up protocol for patients with EARR?
  ----------------------------------------------------------------------------------------------

![Flowchart of the study selection process for the systematic review. \*The same SR was used for CQ \#3 and CQ \#4; CQ: clinical question; SR: systematic review; RCT: randomized controlled trial; others: e.g. observational studies.](cjz034f0001){#F1}

For CQ \#1, comparisons between cone beam computed tomography (CBCT) and orthopantomography (OPT) and between CBCT and periapical radiography (PA) were previously elaborated as part of another CPG established by the NVvO on radiology in orthodontics ([@CIT0017]). Therefore, in the present study, we focussed on the comparison between OPT and PA and the optimal timing of radiological examinations for detecting EARR.

To address CQ \#1, we included one observational study ([@CIT0018]). To address CQ \#2, we included one RCT and four observational studies ([@CIT0008], [@CIT0019]). To address CQ \#3, we included one systematic review on interventions for EARR management ([@CIT0008]). However, the authors of that systematic review could not perform an analysis because no study met the criteria for an adequate level of evidence. To address CQ \#4, we included one systematic review and one observational study ([@CIT0005], [@CIT0023]).

Literature analysis and quality of evidence {#s12}
-------------------------------------------

The data on the risk of bias are in [Supplementary Tables 2.1](#sup1){ref-type="supplementary-material"} and [2.2](#sup1){ref-type="supplementary-material"}. The evidence from the literature and the quality of evidence for the four clinical questions are described in [Table 3](#T3){ref-type="table"}. In this table, for each specific clinical question item, the evidence is summarized and the GRADE level ('Quality of evidence') is indicated. For CQ \#3, we could not draw a conclusion from the literature on an appropriate treatment strategy after the EARR occurred because the only relevant study, a systematic review by Ahangari *et al.*, did not include any eligible studies for addressing this question ([@CIT0005]). Moreover, Ahangari *et al.* did not include any studies that could be used to address CQ \#4 ([@CIT0005]). One other study was descriptive in character ([@CIT0023]); therefore, we decided not to grade the evidence for CQ \#4.

###### 

Literature conclusions and quality of evidence were determined based on GRADE. GRADE: Grading of Recommendations Assessment, Development, and Evaluation; CQ: clinical question; OPT: orthopantomography; PA: periapical radiography; CBCT: cone beam computed tomography; EARR: external apical root resorption; NiTi: nickel titanium; CuNiTi: copper nickel titanium; SS: stainless steel

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Clinical question item                                                  Evidence                                                                                                                                                                                                                                                                                                        Quality of evidence   Reference
  ----------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------- --------------------------------------
  CQ \#1---Diagnosis                                                                                                                                                                                                                                                                                                                                                                                            

  OPT versus PA                                                           Given the lack of data, it is not possible to draw a conclusion about the potential added diagnostic value of a periapical radiograph compared to an orthopantomogram. The estimated degree of EARR appeared to be larger when measured on an orthopantomogram than when measured on a periapical radiograph.   Low                   ([@CIT0018])

  CBCT versus OPT                                                         See Guideline for Radiology in orthodontics                                                                                                                                                                                                                                                                                           ([@CIT0017])

  CBCT versus PA                                                          See Guideline for Radiology in orthodontics                                                                                                                                                                                                                                                                                           ([@CIT0017])

  CQ \#2---Risk factors                                                                                                                                                                                                                                                                                                                                                                                         

  Patient-related factors                                                                                                                                                                                                                                                                                                                                                                                       

   Gender                                                                 There are indications that gender is not an independent predictor of EARR severity.                                                                                                                                                                                                                             Moderate              ([@CIT0008], [@CIT0020])

   Age                                                                    There are indications that age is not an independent predictor of EARR severity.                                                                                                                                                                                                                                Moderate              ([@CIT0008], [@CIT0020])

   Trauma                                                                 There are indications that trauma preceding an orthodontic treatment is not an independent predictor of EARR severity, although the included studies reported contradictory results.                                                                                                                            Low                   ([@CIT0008], [@CIT0020], [@CIT0021])

   Endodontically treated teeth                                           It is not clear whether endodontically treated teeth comprise a risk factor for EARR severity. There are some indications that endodontically treated teeth might be a preventive factor.                                                                                                                       Very low              ([@CIT0021])

   Root and tooth morphology                                              There are indications that root width is not an independent predictor of EARR severity, but the included studies reported contradictory results.\                                                                                                                                                               Low                   ([@CIT0008], [@CIT0021])
                                                                          There are indications that abnormal root shape is not an independent predictor of EARR severity, but the included studies reported contradictory results.                                                                                                                                                                             

   Pre-treatment tooth/root length                                        It is not clear whether pre-treatment tooth or root length is associated with EARR severity. The studies reported contradictory results.                                                                                                                                                                        Very low              ([@CIT0008], [@CIT0021], [@CIT0022])

   Agenesis                                                               There are indications that agenesis is not an independent predictor of EARR severity.                                                                                                                                                                                                                           Low                   ([@CIT0008])

   Earlier orthodontic treatment                                          There are indications that earlier orthodontic treatment is not an independent predictor of EARR severity. There are indications that an earlier orthodontic treatment is a preventive factor for the degree of EARR during the next orthodontic treatment.                                                     Low                   ([@CIT0008], [@CIT0021])

   Lip/tongue dysfunction/habits                                          It is not clear whether patients with lip and/or tongue dysfunctions are at increased risk of developing more severe EARRs. The studies reported contradictory results.                                                                                                                                         Very low              ([@CIT0020], [@CIT0021])

   Impacted canines                                                       It is not clear whether the correction of impacted canines is associated with EARR severity. The studies reported contradictory results.                                                                                                                                                                        Very low              ([@CIT0020], [@CIT0021])

   Overjet                                                                It is not clear whether an increased overjet has an influence on EARR severity. The included studies reported no association between overjet and EARR severity.                                                                                                                                                 Very low              ([@CIT0020], [@CIT0021])

   Overbite                                                               There are indications that an increased overbite has no influence on EARR severity. The included studies reported no association between overbite and EARR severity.                                                                                                                                            Low                   ([@CIT0020], [@CIT0021])

   Angle classification                                                   It is not clear whether the Angle classification is associated with EARR severity. The included study reported no association between the Angle classification and EARR severity; however, we have low confidence in this finding.                                                                              Very low              ([@CIT0021])

  Treatment-related factors                                                                                                                                                                                                                                                                                                                                                                                     

   Duration of active treatment                                           There are indications that the duration of active treatment is not an independent predictor of EARR severity.                                                                                                                                                                                                   Low                   ([@CIT0008], [@CIT0020])

   Duration of rectangular wire use                                       It is not clear whether the degree of EARR is related to the amount of treatment time with rectangular wires. These studies reported contradictory results.                                                                                                                                                     Low                   ([@CIT0008], [@CIT0020], [@CIT0021])

   Horizontal apical displacement                                         It is not clear whether horizontal apical root displacements are associated with EARR severity. The included study reported a positive correlation; however, we have low confidence in this finding.                                                                                                            Very low              ([@CIT0021])

   Vertical apical displacement                                           It is not clear whether vertical apical root displacements are associated with EARR severity. The included study reported no association between vertical apical displacement and EARR severity.                                                                                                                Very low              ([@CIT0021])

   Overjet reduction                                                      It is not clear whether reducing a large overjet during the fixed appliance phase has an influence on EARR severity. The included study reported no association between overjet reduction and EARR severity.                                                                                                    Very low              ([@CIT0020])

   Extraction versus non-extraction                                       There are indications that the extraction of premolars is an independent predictor of EARR severity.                                                                                                                                                                                                            Low                   ([@CIT0008])

   Elastics, Class II                                                     It is not clear whether wearing Class II elastics have an influence EARR severity. The included studies reported contradictory results.                                                                                                                                                                         Very low              ([@CIT0020], [@CIT0021])

   Elastics, anterior vertical                                            There are weak indications that wearing anterior vertical elastics is no independent predictor of EARR severity, except for the maxillary cuspids.                                                                                                                                                              Low                   ([@CIT0008], [@CIT0021])

   Wire sequence or type                                                  The wire sequence or wire type do not have an influence on EARR severity (0.016 NiTi, 0.018 × 0.025 NiTi, 0.019 × 0.025 SS; or 0.016 NiTi, 0.016 SS, 0.020 SS, 0.019 × 0.025 SS; or 0.016 × 0.022 CuNiTi, 0.019 × 0.025 CuNiTi, 0.019 × 0.025 SS).                                                              Low                   ([@CIT0019])

   Distance to palatal cortical bone                                      It is not clear whether the distance of the apex to the palatal cortical bone is associated with EARR severity. The study reported no association between the distance to the palatal cortical bone and EARR severity.                                                                                          Very low              ([@CIT0021])

  CQ \#3---Treatment strategy                                                                                                                                                                                                                                                                                                                                                                                   

  Treatment strategy/management                                           There is insufficient evidence on orthodontic management when EARR occurs during orthodontic treatment.                                                                                                                                                                                                         *---*                 *---*

  CQ \#4---After-treatment care requirements                                                                                                                                                                                                                                                                                                                                                                    

  Progress of EARR after orthodontic treatment                            There are indications that the EARR process will stop after active orthodontic treatment is stopped.                                                                                                                                                                                                            n/a                   ([@CIT0023])

  Long-term effects (mobility, vitality)                                  There is insufficient evidence on the long-term effects of EARR.                                                                                                                                                                                                                                                *---*                 *---*

  Prognosis of teeth with (severe) EARR                                   There is insufficient evidence on the prognosis of EARR.                                                                                                                                                                                                                                                        *---*                 *---*

  Pain/discomfort and costs after orthodontic treatment for the patient   There is insufficient evidence on pain/discomfort and on the costs to the patient after orthodontic treatment.                                                                                                                                                                                                  *---*                 *---*
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

The last column lists the studies that investigated the clinical question item and contributed to the final conclusion. The wording of the evidence reflects the quality level of the evidence.

In general, the quality of evidence was rated as low or very low. Only the patient-related risk factors, 'gender' and 'age', showed a moderate quality of evidence. The most common reasons for downgrading were inconsistency, when studies reported contradictory results; indirectness, when studies did not look for predictors of clinically relevant EARR (EARR ≥ 2 mm); imprecision, when the clinical question item was only described in one study or when the statistical analysis or the description of the statistics was unclear; and limitations in study design, when a reporting bias was present.

Commentary and authorization phase and implementation {#s13}
-----------------------------------------------------

The Task Force received a total of 51 comments from seven professional associations. The comments were reviewed and processed during a Task Force meeting. The final guideline was presented to the NVvO for formal authorization.

The implementation plan demands that strong recommendations must be implemented within 1 year after publication of the CPG. Moreover, all other recommendations must be implemented within 3 years after authorization. To ensure the guideline is up to date, the CPG will be revised in 2022.

Discussion {#s14}
==========

This discussion is divided into subsections, according to the clinical questions we addressed with the CPG. Together with the evidence, the discussions lead to the final recommendations.

CQ \#1. What types of radiographs enable the diagnosis/detection of orthodontically induced EARR? {#s15}
-------------------------------------------------------------------------------------------------

For this clinical question, we found that a panoramic radiograph is commonly used as a diagnostic tool for orthodontic purposes because the whole maxillo-mandibular complex is visible, including the temporomandibular joints. A common limitation of the panoramic X-ray is the visibility of the upper and lower front teeth due to the superimposition of the bony structures of the skull or vertebrae ([@CIT0018]). When it is not possible to assess the roots adequately, a PA of the blurred region is recommended.

We also investigated the ideal time point for taking a radiograph to assess EARR at an early stage. There was evidence that the degree of EARR present after 6 to 12 months of orthodontic treatment with fixed appliances was related to the degree of EARR at the end of the treatment ([@CIT0008], [@CIT0024]). Therefore, it might be good clinical practice to take a panoramic radiograph at 6--12 months after placement of the fixed appliance. This radiograph may also be used to check the bracket position at the end of the alignment phase. However, due to the low incidence of EARR and based on the As Low As Reasonably Achievable principles, taking a radiograph for screening purposes only is not recommended ([@CIT0025]). This position is also endorsed by the Dutch guideline for dental radiology ([@CIT0026]). However, taking into consideration the possible risk factors for EARR (see CQ \#2), the Task Force reached a consensus on the recommendation to consider taking an OPT in patients with premolar extractions as part of the treatment plan at 12 months after starting treatment with fixed appliances (during the closing phase). This recommendation was supported by the relationship between the amount of EARR after 12 months of active treatment and the amount of EARR at the end of treatment ([@CIT0008]).

We did not investigate the potential use of genetic analyses and biological markers for predicting or detecting EARR ([@CIT0027], [@CIT0028]). This research field is presently in development and routine clinical applications remain in the distant future.

CQ \#2. What factors increase the risk of developing EARR during orthodontic treatment? {#s16}
---------------------------------------------------------------------------------------

It is important to identify risk factors for EARR prior to orthodontic treatment to minimize the risk that EARR occurs during treatment. For this purpose, we considered patient-related and treatment-related factors that might increase the risk of developing EARR. With this information, it might be possible to develop a patient-centred treatment plan, particularly for patients at high risk.

An investigation of patient-related risk factors, unfortunately, indicated that the evidence level was 'low' to 'very low' for all potential risk factors, except for 'age' and 'gender'. For these two factors, we found moderate evidence that they were not associated with the amount of EARR. The other potential risk factors listed in [Table 3](#T3){ref-type="table"} also showed no evidence of an association. Consequently, no reliable recommendations could be made. Although one study reported that earlier orthodontic treatment may be a preventive factor for EARR, this does not lead to a particularly useful recommendation ([@CIT0021]). Apparently, retreatments do not negatively influence the risk of EARR. This finding might be explained by the fact that after active orthodontic treatment has ended, the damaged periodontal tissue will reorganize and resorption lacunae will heal, at least partially ([@CIT0029]).

An investigation of treatment-related risk factors indicated that the evidence levels varied from 'low' to 'very low'. The only potential risk factors that were rated with a 'low' evidence level were: treatment duration, duration of rectangular wire use, extraction therapy, anterior vertical elastics, and wire sequence. There were some indications that treatment duration was not associated with the amount of EARR; however, prolonged treatment times might have negative effects on patient compliance or oral hygiene and, therefore, must be avoided. In one of the included studies, several particular wire sequences were investigated for their effects on the risk of developing EARR ([@CIT0019]). However, no significant difference in EARR was found for the three wire sequences in their RCT. Moreover, many different wire sequences and wire types that are used for alignment worldwide were not investigated in that study. Consequently, we could not provide a recommendation for a safe, universally applicable wire sequence.

The data indicated that extraction therapy followed by orthodontic treatment might increase the risk of developing EARR. Therefore, it is important to inform the patient about this increased risk. The risk might be increased by large apical displacements and/or by the reduction of a large overjet when closing the extraction spaces; however, the level of evidence in support of these possibilities was very low ([Table 3](#T3){ref-type="table"}) ([@CIT0032]). Other risk factors that are mentioned in the literature include the use of anterior vertical or Class II elastics and the distance of the apex to the palatal cortical bone. The quality of evidence for these risk factors, however, was low or very low.

Due to the uncertainty about the contribution of specific treatment-related risk factors to EARR development, every patient should be informed prior to orthodontic treatment about the risk of developing EARR, particularly when an extraction is indicated.

CQ\# 3. What treatment protocol should be followed when EARR has been detected during treatment? {#s17}
------------------------------------------------------------------------------------------------

When EARR occurs during orthodontic treatment, there is a risk that the process of resorption will continue. Therefore, the practitioner must consider whether to continue or stop orthodontic treatment after detecting EARR. This question could not be resolved based on the existing evidence. The Task Force discussed this issue and considered that the practitioner should re-evaluate treatment goals and determine the subsequent treatment strategy together with the patient. Treatment may be continued, modified, or terminated. First, the risks of continuing treatment must be balanced against the risks of ending treatment, taking into consideration the occlusion (occlusal disturbances, deep bite). Some malocclusions, like a deep bite or occlusal trauma, will harm oral health on a long-term basis ([@CIT0023], [@CIT0033]); therefore, it might be better to continue treatment. Second, the patient's aesthetic perspective should be considered. Based on this perspective, the practitioner should review the treatment and estimate how much more apical displacement is necessary of the affected teeth, and whether accomplishing that amount of displacement is justified. With a localized severe EARR, excluding the affected teeth from the active appliance may be an option. This could allow further correction of the malocclusion without further damage to the affected teeth. When generalized (almost all teeth affected) severe EARR occurs, the Task force recommends an immediate end to the active treatment to prevent further harm.

When the decision is to continue active treatment, with or without a modified treatment plan, the Task Force consensus was to discontinue treatment for at least 3 months. Within this resting period, no orthodontic force should be applied; this rest will allow the resorption lacunae to heal ([@CIT0029]). The study of Levander *et al.*, which was excluded from the systematic review of Ahangari *et al.*, due to unclear methodology, showed that significantly less EARR (−0.4 mm, SD = 0.7, *P* \< 0.05) occurred after a treatment interruption of 3 months compared to the EARR observed with immediate treatment continuation (−1.5 mm, SD = 0.8) ([@CIT0005], [@CIT0029]). However, even after a rest period, caution is required when continuing orthodontic treatment. At 6 months after restarting treatment, an evaluation of EARR progress with a new radiograph might be indicated.

CQ \#4. What is the follow-up protocol for patients with EARR? {#s18}
--------------------------------------------------------------

Copeland and Green showed that EARR progress stopped after the active orthodontic treatment stopped, that is, after force application was discontinued ([@CIT0023]). Therefore, movement of affected teeth due to active retention appliances is unwanted. Consequently, the Task Force recommends that regular retention check-ups should be performed to ensure that the retention devices remain passive. These check-ups may be performed by either the orthodontist or the general practitioner.

Furthermore, the amount of EARR should be considered ([@CIT0002]). Severe EARR causes an unfavourable root-crown ratio, which may result in higher tooth mobility ([@CIT0034]). Therefore, the long-term prognosis of a resorbed tooth is an important issue to consider for after-treatment care recommendations. A tooth with less than 10 mm of remaining root length might display higher than normal mobility, and mobility might increase over time ([@CIT0006], [@CIT0007], [@CIT0034]). The case series and case reports regarding long-term tooth survival have shown high individual variation, but none of the affected teeth were lost during follow-up (5--25 years). However, when alveolar bone loss occurs, due to periodontal disease, the prognosis and longevity of the affected teeth may be compromised ([@CIT0009]). Therefore, the dentist should be informed about clinically significant (≥2 mm) root resorption, should focus on periodical screening of the periodontal status of the patient, and should emphasize optimal oral hygiene to prevent periodontal disease.

Patients might want to know whether they will feel pain following EARR. However, we found no evidence of pain associated with an EARR ([@CIT0005]). Nevertheless, in some cases of EARR, clinical signs of pain might be present. This scenario will most likely occur when the nerve is also affected (pulpitis). In general, the Task Force came to the consensus that orthodontically induced EARR was not associated with pain.

Clinical recommendations {#s19}
========================

These recommendations are based on the literature evidence, the Task Force discussions, and the Task Force considerations. Recommendations for the best treatment protocol for an EARR that occurs during treatment (CQ \#3) and recommendations for after-treatment care (CQ \#4) were mainly based on consensus because there was very little or no evidence available.

CQ \#1. Diagnosis {#s20}
-----------------

For recommendations regarding comparisons between CBCT and OPT and between CBCT and PA, we refer to the orthodontic radiology guideline of the NVvO ([@CIT0017]).

1.  1.1 Consider taking an OPT at 12 months after starting fixed appliances in a patient with any extraction treatment. Compare this OPT to the OPT taken at the start of orthodontic treatment, when available. *Weak recommendation*

2.  1.2 Consider taking additional periapical radiographs when the available radiographs do not provide adequate information about the shape and size of the roots. *Weak recommendation*

CQ \#2. Risk factors {#s21}
--------------------

1.  2.1 Inform the patient prior to orthodontic treatment about the risk of EARR. *Strong recommendation*

2.  2.2 When an extraction treatment is planned, inform the patient of the possibility that it is associated with increased risk of severe EARR. *Strong recommendation*

CQ \#3. Treatment strategy {#s22}
--------------------------

1.  3.1 Re-evaluate the treatment goals and treatment plan when EARR is detected (≥2 mm) during an orthodontic treatment. Inform the patient and discuss the consequences, the patient's preferences, and the treatment goals. *Strong recommendation*

2.  3.2 Consider stopping orthodontic treatment when generalized severe EARR occurs. *Weak recommendation*

3.  3.3 Consider avoiding further loading on teeth that exhibit severe EARR. *Weak recommendation*

4.  3.4 When deciding to continue active orthodontic treatment, consider discontinuing treatment for 3 months. Make sure that the appliance is passive during that time to avoid loading the affected teeth*. Weak recommendation*

5.  3.5 When deciding to continue orthodontic treatment, attempt to avoid displacement of the affected teeth. *Strong recommendation*

6.  3.6 When deciding to continue active orthodontic treatment after a treatment interruption of 3 months, consider taking a new radiograph at 6 months after the restart. *Weak recommendation*

CQ \#4. After-treatment care requirements {#s23}
-----------------------------------------

1.  4.1 Follow the patient according to your normal retention protocol. *Strong recommendation*

2.  4.2 Patient information about the long-term prognosis must include at least the following:

    -   EARR will stop after the appliances are removed.

    -   EARR will not lead to pain or discomfort (sensibility).

    -   The affected tooth may be mobile, and mobility might increase over time (for root lengths less than 10 mm).

    -   Affected teeth might be lost earlier, if periodontal bone destruction (periodontitis) occurs. *Strong recommendation*

3.  4.3 Take care of a good communication with the dentist at the end of treatment to inform the dentist about affected teeth and advice:

    -   periodical screening for periodontal diseases, especially around the affected teeth.

    -   assurance that retention devices remain passive after the regular retention check-ups with the orthodontist have ended. *Strong recommendation*

Limitations of the CPG and suggestions for further research {#s24}
===========================================================

Orthodontic specialists are the main professionals that deal with orthodontically induced EARR. The orthodontist must take care to prevent EARR during treatment and take measures when an EARR has occurred. Undoubtedly, the main issues for patients and their dentists are after-treatment care and the consequences of EARR. Therefore, the drafted guideline was sent out to receive comments from professional dental organizations and the Patients' Federation. Throughout the entire CPG development period, we found that evidence was lacking regarding patient-reported outcome measures (PROMs). This might partly be explained by the fact that most studies were retrospective with unclear inclusion criteria and most were performed during an era when PROMs were not included as an outcome measure in orthodontic studies.

Another limitation was that most studies on EARR were observational. Although the RCT is the gold standard for therapeutic clinical questions, for prognostic factors, observational studies are a better choice. Nevertheless, according to the guideline methodology, a recommendation is not based on evidence alone but also on expert opinion and patient preferences. Expert opinions regarding EARR or EARR-related problems might differ among different countries, for instance, due to differences in legal regulations or in the organization and financing of the health care system. An example of a difference in expert opinions is the weighting of the PAR index; this weighting differs between orthodontists in the USA and those in the UK ([@CIT0035], [@CIT0036]). Nevertheless, to our knowledge, the present study is the first published report to apply the recently published RIGHT statement to the development of a CPG in orthodontics ([@CIT0012]). The approach we used to apply this reporting statement to the present paper could serve as a template for the reporting of other CPGs in orthodontics.

The literature search was confined to Medline and Embase and the search was restricted to English and Dutch languages. In the planned revision of the CPG (2022), the search methodology will be expanded to include additional electronic databases and a search of the grey literature, while language restrictions will not be imposed. This may reduce possible selection bias.

The time span from literature search until the publication of the CPG was long. However, the development of a CPG according to the Agree II and EBRO system is complex and therefore does not allow a faster development. A systematic review is only the start of the guideline development process. When only performing a systematic review, conclusions can be drawn and reported. However, when developing a guideline, after the collection of the evidence, several meetings of the Task Force were needed for evaluation of the evidence and formulating considerations and recommendations. Then a draft guideline is written and the commentary phase starts. As shown above, many stakeholders were involved in this phase and it took 9 months before all comments were received and processed. Furthermore, a guideline includes more than one clinical question. So in a strict sense, this is comparable to a separate systematic review for each clinical question. Finally, the last step is authorization of the guideline, which could be done only 9 months later at the General Assembly meeting of the professional association. Consequently, the whole process of guideline development is taking much longer than a systematic review would take. We have updated the literature search (PROSPERO registration number: CRD42019114169) from September 2015 to 12 October 2018 to see if there was any new evidence, but this information cannot be included in the CPG as presented here as it would require to redo the whole process of guideline development and then the search would be outdated again when finally having the updated guideline authorized. For that reason, each CPG must include a statement when it will be updated. The present guideline will be updated in 2022. The outcome of the search update is presented in [Supplementary Tables 3--5](#sup1){ref-type="supplementary-material"}.

This study showed a striking lack of evidence regarding our four clinical questions. Consequently, we could only provide weak recommendations regarding the prevention of EARR and the handling of EARR once it has occurred. Future research should focus on the diagnostic procedures, risk factors, the management of EARR when it occurs during treatment, and the prognosis of affected teeth. Furthermore, more insight into the contributions of specific genes and the presence of biological markers in the crevicular fluid may lead to effective diagnostic tools for identifying patients at risk.

Conclusion {#s25}
==========

We could only provide weak recommendations regarding the prevention of EARR and the handling of EARR once it has occurred because of low quality of the available evidence. Nevertheless, this clinical practice guideline allows clinicians to respond to EARR based on current knowledge. The recommendations may reduce variations between practices and assist in providing patients with appropriate information. Future research should focus on the diagnostic procedures, risk factors, the management of EARR when it occurs during treatment, and the prognosis of affected teeth.
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